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第二章 白血病中十种高频 MLL 融合基因的检测 
在 2008 年 WHO（世界卫生组织）分类系统中，伴有 11q23/MLL 异常的 AML
（acute myeloid leukemia，急性髓细胞白血病）被单独分为 AML 的一个亚型。
研究发现涉及 MLL 的融合基因多达 85 种。本章中，我们采用实时荧光定量 PCR
平台结合双链置换探针，设计了三管反应体系，检测发生频率 高的十种融合基
因。利用构建的阳性质粒对其灵敏度进行考察，检测体系能够检测低至 10 拷贝
的模板。此后利用 54 份临床标本对检测体系进行临床验证，共检出 7 份阳性标
本，与测序结果一致。证明了该检测方法的可用性。 
第三章 c-kit 基因突变的检测 
本章主要研究在 CBF -AML（Core binding factor acute myeloid leukemia，核
心结合因子急性髓系白血病）中出现频率很高的 c-kit 的突变。CBF-AML 病人一
般伴有良好的预后，但 c-kit 基因的突变会逆转这种情况，所以需对 c-kit 突变进
行检测以采取相应的治疗方案。我们采用一种新型改良的杂交探针结合探针熔解
曲线的方法对其进行检测。所建立方法能够检测 c-kit exon17 上的绝大部分热点
突变。利用阳性质粒考察该检测方法的选择性，除一个热点突变检测到 10%外，








































































Leukemia is a malignant disease of the hematopoietic system. With the scientific 
and technological development, the research of leukemia enters into the molecular 
biology from morphology. Studies find that the occurrence of leukemia is a 
multi-factor,multi-gene, multi-stage complex biological phenomena. Chromosomal 
abnormalities (usually formation of fusion genes) and gene mutations are common in 
leukemia. The fusion genes or gene mutations can be used as molecular markers for 
prognosis, treatment, monitoring of minimal residual disease and targeted therapy. 
This thesis was based on real-time quantitative PCR platform and established two 
detection methods, one for detection fusion genes, the other for detection of gene 
mutation. Our methods could be used to assist the clinical treatment or diagnosis. 
In chapter one, we reviewed the background of leukemia, the molecular genetic 
basis of leukemia and a variety of genotyping diagnostic methods. In addition, we 
also did an overview about real-time quantitative PCR. Based on the advantages of 
real-time quantitative PCR platform, we put forward the content and significance of 
this thesis. 
In chapter two, we studied the MLL fusion genes. According to 2008 WHO 
(World Health Organization) classification system, AML(acute myeloid leukemia) 
accompanied by 11q23/MLL abnormalities were classified into a special subtype of 
AML. Previous studies showed that about 85 kinds of fusion genes involved in MLL 
gene. We used real-time quantitative PCR platform combined with double-strand 
displacement probe, designed three reactions to detect ten fusion genes which 
occurred most frequently. Constructed positive plasmids were used to study the 
sensitivities of our method and the detection system could detect at least 10 copies of 
the templates. After anlysis of 54 clinical samples to validate the detection system and 
found 7 positive samples which were consistent with the sequencing results. So we 

















In chapter three, we established a method to detect c-kit (cellular homolog of the 
feline sarcoma viral oncogene v-kit）mutations. c-kit mutations occurred frequently in 
the CBF-AML (Core binding factor acute myeloid leukemia). CBF-AML patients are 
generally associated with good prognosis, but the c-kit gene mutations will reverse 
this situation, so it is important to detect c-kit mutations in order to take appropriate 
treatment programs. A new type of modified hybridization probes were designed and  
probe melting curve method was used for c-kit mutations detection. The established 
method was able to detect the vast majority of hotspot mutations in c-kit exon17. 
Constructed positive plasmids were used to study the selectivity of the method, in 
addition to one hotspot mutation was detected by 10%, the rest were able to achieve 
5%. 12 cases of CBF-of AML samples were tested and a total of 5 positive cases were 
found, slightly higher than the reported frequency. We also sequenced these 12 
patients samples and sequencing results consistent with the test results. The system 
showed high sensitivity, high specificity , convenient and intuitive features. So it 
could be used as a clinical assistant method. 
 





































脾淋巴结肿大等症状。白血病 先为苏格兰的 John Hughes Bennett 及德国的
Rudolf Virchow 所描述，Rudolf Virchow 用德语将病例描述为 Leukämie，而这个
词的形成源于两个希腊字母，leukos (λευκός), 是英语 "white", 而 aima (αίμα), 是
英语"blood"的意思，因而 leukemia 即白血病的意思[2]。Bennet 的 “Case of 
hypertrophy of the spleen and liver in which death took place from suppuration of the 
blood”文章[3]与 Virchow 的“Weisses blut”的文章所报道的病例有相似的地方，
2 例患者均出现进行性乏力，血细胞增多，巨脾等症状，当时诊断为白细胞增多











分成 M0-M7 共八个亚型；急性淋巴细胞白血病则可依此标准分成 L1-L3 三型。
慢性白血病分为淋巴细胞白血病，粒细胞白血病，粒-单核细胞白血病及单核细
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